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ladiation Sensitivity and
ecoverability of Listeria mamcymgenes

and Salmonella on 4 Lettuce Types

B.A. NIEMIRA

ABSTRACT: Listerin monocytogenes or Salmonelly was inoculated onto Boston, Iceberg, Green leaf, and Red leaf
letiuces. Samples were v-irradiated, and the radiation sensitivity of the inoculated bacteria determined. Recavery
of bacteria from nonbrradiated leaf pieces was also measared. Although the radiation sensitivity of L. monocyfe-
genes was not influenced by the associated lettuce type, Salmonelia was significantly less sensitive on Green leaf
lettuce than on Boston, Iceberg, aor Red leaf lettuces. For each pathogen, the recoverability from inoculated leafl
pieces was significantly different among the 4 lettuce types; the pattern of recovery of L. monocytogenes was
distinet from that of Salmonellz. The antimicrobial efficacy of bradiation on inoculated lettuce was influenced

by relatively subtle differences between lettuce types.

Kevwords: irradiation, gamma, D value, radiation pasteurization, Lacluca sative, varwly

Intreduction

resh produce has been associated with numerous outhreaks of

foodborne illness in North America in recent years (Beuchat
1996), Salad vegetables, including fresh-cut letiuce, can be a source
of pathogens such as Escherichia coli O157H7, Listeria monacyioge-
res, Salmonelln, and Shigellz spp. (Tauxe and others 1997; Gombas
and others 2003 Horby and others 2003), E. 0ol Q157 H7 is known o
grow on shredded lettuce stored at 12 °C (Abdul-Raouf and others
19493}, lonizing radiation can effectively eliminate human pathogens
from lealy salad vegetables such as lettuce (Foley and others 2002;
Miemira and others 2002) and endive (Niemira and others 2003}, The
radiation sensitivity of bacteria can be influenced by the substrate
upon which it is inoculated, such as different types of meats {Thayer
and others 1995), various meat-based frankfurter formulations
(Sommers and Thaver 2000), or different species of sprouts (Rajkows-
ki and Thayer 2000). Published studies sugpest that, even withina
single commodity such as lettuce (Hagenmaier and Baker 1997,
Prakash and others 2000; Niemira and others 2002}, potato {Al-
Kahtani and others 2000}, or blueberry {Miller and others 1994; Miller
and others 1995 Miller and McDonald 1996}, the radiation sensitivity
of asseciaied bacteria or the product seosorial response may vary
with comumodity variety or subtype.

The objectives of this study were to determine the influence of
lettuce Lype on (a) the radiation sensitivity of Salmonelia and L.
menocytogenes on lettuce leaves, {b) the attachment and recover-
ability of inocutated (nonirradiated) Salmorello and L. mosocyto-
genes from leaf surfaces.

Materials and Methods

Pathogen

Pathagen cocktails were prepared from 2 outbreak isolales per

U.* mm ef Agriculture, Agr cuhw‘a{ﬁe&emr:ﬁ; Service, Easiern R_egz‘m_zazi‘
Research Cenles, 600 Eust Mermid Lane, Wyndinoan PA 12038, Direct in-
gedries (o author Niemira (B-mail: hniemira@errc.ars.usda.gon).

genius. Archive cultures of L monocyrogeries isolates ATCC 49594 and
ATCC 45256 [(American Tvpe Cullure Collection, Manassas, Va.,
U.5.A) and Salmonella strains 8. Anatlum F4317 and 8. Staniey
HO558 (Centers for Disease Conirol and Prevention, Atlanta, Ga.,
{J.S.A) were maintained on 50% glycerol at-70 °C. For each isolate,
a culture from the frozen stock was regrown In tryptic soy brath (1585,
Difco, Detroit, Mich., U.8.A.) for 16 h at 37 °C with agitation and
streaked onto typtic soy agay (1TS54, Difco). This was incubated at
37 °C for 24 h (Salmonelie) or 48 h {L. monocytogenes) 1o form single.
colonies, These colonies were used to inoculate fresh TSB for each
expertment and grown for 16 h at 37 *Cwith agitation. Aliquots of 100
mL of starting cubture from each of the 2 isclates were mixed with
1800 mL of sterfle BPE to make the working inoculum, with a inal
volume of 2000 mi. The cell density of the starting inoculum was de-
termined by serial dilution with sterile Butterfield’s Phosphate Buffer
(BPB) (Applied Research Inst., Newtown, Conn., U.S.A) and pour '
plating with TSA. Each isolate was sampled separately and after co-
mingling. The cell density was typicallyl10? CFU/mL,

Leituce

Fresh produce was obiained from Jocal markets on the day of
each experiment. Four types of fettuce were used: Boston (butter-
head, somewhat campact head, deeply involuted leaves), fceberg
{erisphead, very compact head, relatively smooth leaves), Green
teaf, and Red leaf (colored variants of looseleaf or bunching lettuce;
oblong leaves), The outer feaves and any obviously dmmued
leaves of each head were romoved and discarded, and cut leaf
pieces were prepared. The basal portion of the head was remaoved,
approximately 5 em from the end. The leaves were sliced as a group
into pieces weighing approximately 0.5 g.

Before use in the experiments, the cut leaf material was sanitized
using a solution of 300 ppm sodium hypochlorite at room temper-
ature. The Jeal material was submerged and gently agitated for 3
min. The leaves were thoroughly rinsed under running distilled
water and spun in a sterile salad spirmer-type centrifuge (Oxo Intl,,
NewYork, N.Y., 1J.3.A.) 1o remove excess surface water. This design
of salad spinner incorporates a container base, which captures all
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of the water remaoved from the leaf surface and prevens the for-
mation of asrosclized draplets. The microflora of sanitized teal
material was measured for each Jettuce type using a surface wash
with BPB, serial dilution, pour plating with 754, and incubation at
37 °C for 24 h. The post-sanitization population was found to be
less than 20 colony-forming unkts (CFU)/ g leaf tissue.

Inoculation

Leaf pieces were inoculated with either L. monocyiogenes or Sal-
monelln in separate experiments. The cut leaf pleces of each lettuce
tvpe were inoculated separately, Sanitized leaf pleces (approxi-
mately 500 g) were transferred to a sterile inoculation tub ina bio-
logical airflow hoed, and the working inoculum was added. The
material was agitated gently with a sterile slotted spoon for 120 s to
completely submerge each piece, and then transferred to a sterile
salad spinner-type centrifuge within the hood, The material was
spun twice to remove excess inoculum from the surface of the leat
pieces. Samples (43 g) of each lettuce type were placed in nr 400
Stomacher bags (Tekmar, Inc., Cincinnatl, Chio, U.5.A). The sam-
ples were refrigerated (4 °C) until irradiation, tvpically 30 to 80 min.

Trradiation

The inoculated leafl pieces were treated with 0.0 (control), 0.2, 0.4,
1.6, 1.8, or 1.0 kGy. In all cases, the irradiation was conducted at 4 °C.
Temperature control was maintained during irradiation by the in-
iection of gas coming from liquid nitrogen into the sample chamber.
Each study was performed 3 times. The samples were irradialed
using a Lockheed-Georgia (Marietta, Ga,, U.8.A.) cesium-187 self-
contained v radiation source, with a dose rate of 53.64 k(Gy/h. The
dose rate was established using alanine transfer dosimeters from
the Nath Institutes of Standards and Technology (Gaithershurg,
M, U.S.A). Alanine pellets (Bruker, Inc., Billarica, Mass,, UL.S.AL)
were used for dosimetry. The pellets were vead on a Bruker EMS 104
EPH analyzer and compared with a previcusly determined stan-
dard curve. Actual dose was typically within 5% of the nominai
dose.

Sampling

After irradiation, the samples were refrigerated until microbio-
logical sampling, typically 60 to 90 min. The Iradiated leal material
was examined by lab personnel {or gross changes in color or texture.
Sterile BPB (180 ml) was added {o the stomacher bag and agitated
for 60 s, The amouni of BPB (180 mL) and the welght of inoculated
teaf material (43 g} vields a final diludon factor of 1'5. A 1-mL sam-
ple was withdrawn for serial diludon with sterile BPR, The samples
were diluted, pour plated with TSA (Salmonells; or Palcar (L. mona-
eytogenes) (Difco). Three pour plates per dilution were incubated at
37 °C for 24 h (Salmonelia) or 48 h (L. monocytogenes: and counted
with an AccuCount 1000 autcmatea counter (Biologics, Gainsville,
Va, US.A)

The data for each lettuee type were normalized against the con-
trol and plotted as the log,, reduction using the nominal radialion
doses. The slopes of the individual survivor curves were calculated
with linear regression using a computer graphics program {Sigma-
Plot 5.0, 5PSS Inc., Chicago, [, U.S.A). The fonizing radiation Dy,
value {the radiation dose necessary 1o inactivate 90% ol the popu
lation] was calculated by taking the negative reciprocal of the sur-
vivor curve slope (QuattroPro, Corel Corp. Ottawa, Onl, Canada),

in a separate experiment, non-irradiated samples of cut leal
pleces, inoculated as described, were similarly sampled using sier-
e BPR. These samples were diluted and plated using 1T5A (Salimo-
petla) or Palcam (L. monocyiogenes). The plates were incubated at
37 *Cior 24 b (Salmorella) or 48 h (L. monocyiogenes; and counted;

the data were taken to vepresent the recoverable bacterial counts,
expressed as CFU /g leaf tissue, The study was performed 3 times.
The data were also analyzed in terms of CFU/em? leal arey, using
previcusly published information on the surface areaweight ratio
of these lettuce types: Boston, 25.6 mg/em?; Green leaf, 29.2 mg/
cmi?; [eeberg, 35.9 mg/cm?; and Red leali19.9 mg/om?® (Niemira and
others 2603},

Statistical analysis

The significance of differences hetween the slopes for the regres-
sion lines used to calculate the Dy values was defermined with
analysis of covarfance (ANCGVA) (Exeel, Microsoft Corp. Redmond,
Wash,, U.S.A)), using data pooled from the replications. The recov-
erability data were evaluated using analysis of variance (ANOVA,
SigmaStat v, 4.0, SPSS, Inc.), using data pooled from the replica-
tions.

Results and Discussion

For both pathogens, significantly different numbers of CFU/g

leaf tissue were recoverad from the various lettuce types, but
the range of variation was greater for £. manocytogenes than for Sal-
monella (Figure 1), Generadly, the recovery from Boston and Green
leaf was not different, whereas lceberg had significantly fewer ClU/
¢ than the other types. The extent to which Red leat had signifi-
cantly more CFU/ g leaf rissue was pathogen-dependant. Some, but
notall, of the significant variation was addressed by scaling the
counts of recoverable bacteria against the surface area of the leaves
(Figure 2},

Irradiation effectively reduced the population of L, monocytoge-
nes (Figure 3) and Salmonella (Figure 4) on all 4 lelluce types. The
radiation sensitivity of L. monocytogenes was not significantly influ-
enced bv the lettuce tvpe, The D) for L. monocytogenes was ap-
proxdimately 0.19 kGy (Table 1). In contrast, Safronella was signif-
icantly less sensitive to lrradiation when treated o green feaf
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Figure 1 —Recovery of Listeria monocyiogenes and Salmo~
nelia from the swiface of 4 letluce types; in colony-form-
ing unils/g leal Ussue, Within each group, bars with differ
ent letters are significantly different (P < 0.05, analysis of
variance). Error bars represent standard error {n = 86
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letnee (D = 0.31kGy)
kGvy (Table 1.

(n the basis of a visual and tactile inspection by lab personncl,
there were no gross of veadily apparent changes o the color orex-
ture of the leal pieces of any of the Iotiuce Wpes, 2 any radiation
dose used in the experiments.

than on any other type (D, = 02310 0.25

Discussinn
Tonizing radiarion effecuvely reduced the level of Sedmonéln and
o sensitiv-

L. menocyiogenes on allof the lettuce types. The radiati
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Figurs 3—Hadiation sensitivity of Lisferiz monscylogenes
on the surfaces of 4 types of lettuce

Table 1 Hadiation B vameﬁ tor Listeris monpoytogenss
and Sszmcneifa L1 the wrﬁaceﬁ of 4 types of lefiuce

ﬂs@:atmn Dw vames {k(;y SE?B
Lettuve t L. ma sttagenes Salmonella
Boston 019 2 Ma 0.24 x Dia
Graen leal 018 + 0la 0.31 £ 020
logberg . 0.20 4 Dia 02’5 Bia
Bedlest =~ 019=0la :

AFor pag h pathogen, values with different lalters are signit '\'ry Sifterant
(P < D05, analysis pf covarignoe).
ity of inoculated Salmonelia was significantly influenced by the

type of lettuce with which it was assuciated, whereas [, monogvio-
peres was not. The influence of the suspending mediam ot radia-
ton sensitivity of inoculared hacteria has been nvestigated using
a variety of fonds, including meats [Thayer and nthers 1995 Som-
riers and Fhaver 20005 and produce (Bajkowski and Thayer 2000;
Foley and others 2002; Niemira and others 2002; Niemira and oth-
ers 2003); however, the underlying mechanisms by which the foad
substrae influences the assoclated bacteria are not well under-
stood. A recent study, which used the same 4 types of levtuce used
herein (Miemira and others 20023, found that the radiation sensi-
tivity of an outhreak steain of £ coff G18T:H7 was sigaificantly in-
fluenced by the type of lottice upen which it was inoculated. In
that study, the 1, value obtained was significantly higher an the
teal pleces from compact head lettuces (Roston and teebery) than
on the oblong head lettuces (Green leaf and Red leaf). That pattern
was ot observed In the current study, suggesting that the gross
architecrure of the lettuce head 18 not 2 good ;‘}Yt‘dlt or of the rela-
tive rdiation sensitivity of human pathogens. The specific deser-
mining facior or factors by which a given substrate influences bac-
terial radiation sensitivity way include the variations of moisiure
and gas composition seen on the smaller-scale architecture of the
teaf surface, protective {or antagonistic) chemisities native 1o the
product surface or originating from cut tssues, or sume other, as yet
untdentified factor

& ’}mzw : i
s Craen
feeberg i
Rag i
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Log g reduction (chyfmi)

08
dose (kGy)

Figurs 4~Hadistion sensitiv iiy of Salmonalia on the surfaces
of 4 types of lettuce
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Theradiation D values obtained for L monogyiigenes (approx-
imately 0.19 kGy) and Salmonello {0.23 t0 0.31 kGy) are generaliy
consistent with published data for these pathogens (Rajkowski and
Thayer 2000; Niemira and others 2003}, The amount of radiation
necessary to achieve a 5 logy, reduction is approximately 0,93 kGy
with respect 10 L. monceytogenes, and 1.15 10 1.55 kGy with respect
o Salmonellz. Irradiation s known (o cause softening in fruits and
vegetables by radiolvtic degradation of pecting (Y and others
1998, Prakash and others 2002). As different commedities have
different referances for iradiation, the dose below which no radl-
ation-induced damage ocours is commodity-specific. The radiation
doses used in this study did not cause any gross or readily apparent
changes in color or texture of the Jeafl pleces for any of the 4 letluce
types. This resull agrees with previously reported studies in which
doses up to 0.3 kGy have litde effect on the quality of lettuce
{(Hagenmaier and Baker 1997; Foley and others 2002; Niemira and
others 2002; Fan and others 2003}, and doses up €0 0.8 kGy had Jit-
tle effect on endive, a lealy salad vegetable (Niemira and others
2003). When combined with a warm (47 °C) water dip, fresh-cut ice-
berg lertwce treated with doses of up to 1 kGy showed no signifi-
cant loss of texture (Fan and others 2003}, C ﬂnnmmn plus irvadi-
atlon (0.55 kGy) resulted ina 5.4 FOsrm reduction of B, coli O157:H7
ont shredded iceberg lettuce with liude significant eftect on quaity
{Foley and others 2002). Although i}'r&{ii;}tmﬂ is elearly effective as
a single antimicrobial treatment, it is generally accepted that irra-
diation should be part of an overall sanisation strategy that uses
multiple interventions or "hurdles” to eliminate pathogenic bacte-
ria while preserving product qualitv,

The 4 lettuce types examined differed significantly in the levels
of hacteria recovered from inoculated leaf pieces, The pattern of
recovery of L monocylogenes based on CFU/ gleaf tissue Is the sume
patiern reported for £ colf O1537:117, that is, Teeberg < Boston =
Green < Red (Niemira and athers 2002). The pattern of recovery

(CFU/g) of Salmenella ts more variable. When scaled against the
smiace arca of the leaves to yield CFU/cm?, the patterns of recov-
ery of neither L. menocytogenes nor Selmonells rescmble the data
published for B cpli 0157:H7. The importance of such factors as
differences in product topelogy has been raised by Beuchat and
others (2001) in considering the various ways in which data may be
presented, for example, CFU/g compared with CFUfem?. Factors
such as hydrophobicity, stomatal density, trichorme density, or oths
er physical, chemical, or anatomical factors may nfluence bacterial
associaiion, Based on the varying response of the pathogens in the
current study and in the recent work examining B coli O157:H7
{Niemira and others 2002), it §s clear that 1o this Hist of key factors
must be added the specific type of pathogen of interest.

Conclusions

Th'& results of this study suppern a growing body of literature

that suggests that the relatively subtle differences among cul-
tivars or types of the same commaodity can have an important im-
pact on the radiation sensitvity of associated pathogens, as well as
on the physialogical and sensorial response of the product (o the ir-
radiation process. Srudies that examine the varietal response 10 iv-
radiation of lettuce (Hagenmaier and Baker 1997; Niemira and oth-
ers 2002}, potato (Al-Kahrani and others 2000}, and blueberry
IMiler and others 1994; Miller and others 1995; Miller and Mc-
Donald 1998}, along with the data presenied herein, sugaest that

the sensory and microbiological response of fresh vegetables to ir-
radiadon processing is more sirongly influenced by the type or
cultivar than previousty recognized. Therefore, the design of irra-
diation protocols for the sanitization of fresh-cut nroduce, such as
leallettuce, should be validated for each separate product of inter-
st
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